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Abstract 
This paper presents the environmental impact of an R-123 organic Rankine cycle (ORC) for using as the 
power generation system. A life cycle assessment (LCA) is selected to investigate the environmental result 
under the midpoint and endpoint levels of the ReCiPe database. Ten LCA categories of the midpoint level 
are focused on a functional unit of 1 kWh and a life span of 20 y. From the analysis results, it can be found 
that the LCA results climate change of 1.14E-02 kg CO2 eq, ozone depletion of 1.91E-07 kg CFC-11 eq, 
human toxicity of 1.64E-02 kg 1,4 DB eq, particulate matter formation of 2.28E-02 kg PM 10 eq, terrestrial 
acidification of 1.25 kg SO2 eq, freshwater eutrophication of 8.78E-02 kg P eq, terrestrial ecotoxicity of 
7.83E-02 kg 1,4 DB eq, freshwater ecotoxicity of 1.23 kg 1,4 DB eq, metal depletion of 2.17E+01 kg Fe 
eq, and fossil depletion of 1.44E+01 kg oil eq are revealed. In the endpoint level, the integrated LCA 
impact on a single score of 0.491 Pt is analyzed. The LCA effects are found in the construction, 
decommissioning, and operation phases at approximately 71.21%, 24.23%, and 4.56%, respectively. The 
main environmental affect is driven by raw materials of a steel of 4,610 kg, a reinforcing steel of 1,061 kg, 
and a copper of 281 kg. 
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1. Introduction 
At present, the environmental impacts occur in many countries from the use in various activities of the 
fossil power plant. Thus, the renewable energy power plants are interested to reduce the environmental 
impact. An organic Rankine cycle (ORC) is newly the interest technology. 
Heberle, Scifflechner, and Bruggemann (2016) studied the life cycle assessment (LCA) of the ORC for 
geothermal power generation, which considered low-global warming potential (GWP) working fluids. The 
functional unit was 1 kWh. The scope was the cradle to grave. The Eco-invent and PROBUS were life cycle 
inventory databases. The LCA considered to 4 impact categories such as GWP, demand of finite energy 
resources, eutrophication and acidification. This research selected working fluids of isobutene, isopentane, 
R-245fa, propane, R-134a and R-1234yf to compare the system performance. The least on the 
environmental impact was R-245fa, which corresponded with Ding-Mao et al. (2018). Liu-Xu et al. (2013) 
studied the environmental impact of the ORC for waste heat recovery through the LCA. The functional unit 
was 1 kWh. The ORC was assumed to 20 y, which was evaluated the impact such as GWP, eutrophication 
potential, human toxicity potential, acidification potential, soot-dust potential and solid waste potential. 
This research selected 7 types of working fluid such as pentane, R-245fa, R-114, R-123, R-601a, R-141b 
and R-113. R-113 was the least on the environmental impact, which corresponded with Jung, Krumdieck, 
and Vranjes (2014). In addition, Uusilato, Uusilato, Gronman, Luoranen, and Jaatinen (2016) studied 
greenhouse gas reduction potential by producing electricity from biogas engine waste heat using the ORC. 
The life time was 10 y was used to evaluate the impact of GWP by using GaBi database 6.0. Ondokmai, 
Chaiyat, Chanathaworn, Lerdjaturanon, and Sedpho (2018) studied the LCA of the ORC power plant from 
geothermal energy of San Kamphaeng Hot Spring, Mae-on district, under the Royal Initiative of His 
Majesty the King. The ORC was investigated by the assumption values of the functional unit and life span 
at approximately 1 kWh and 20 y. The SimaPro program under the ReCiPe method was used to analyze. 
This research represented 10 impact categories of climate change, ozone depletion, human toxicity, 
particulate matter formation, terrestrial acidification, freshwater eutrophication, terrestrial ecotoxicity, 
freshwater ecotoxicity, fossil depletion and metal depletion. R-245fa was selected as working fluid of the 
ORC system, which corresponded with Moles-Kontomaris et al. (2017). Moreover, Bacenetti, Fusi, and 
Azapagic (2019) studied environmental sustainability of the ORC with anaerobic digestion and combined 
heat and power generation. This research presented 13 impact categories of climate change, ozone 
depletion, human toxicity, particulate matter formation, terrestrial acidification, freshwater eutrophication, 
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marine eutrophication, photochemical oxidant formation, terrestrial ecotoxicity, freshwater ecotoxicity, 
marine ecotoxicity, fossil depletion and metal depletion. Zhang, Guan, Ding, and Liu (2018) studied emergy 
analysis of the ORC for waste heat power generation. The emergy proportion of R-134a was accounted to 
be 13.3% in the construction phase. Zhang, Liu, and Li (2019) studied multi-factor evaluation method the 
trans critical ORC with low GWP fluids. R-134a, R-1234yf, and propane used to compare emission of 
carbon dioxide (CO2). 
From the above researches, it could be concluded that the environmental impact under the human health, 
ecosystem, and resource availability of Thailand from the ORC and low-environmental working fluid did 
not present in the recent works. Therefore, the objective of this research is to find out the environmental 
impact of the ORC power generation for low-temperature heat source under the LCA method. 
 
2. Theory 
2.1 Life cycle assessment 
The LCA is tool to assess the environmental impact of the product life cycle. It includes extraction of raw 
materials, manufacturing of production, transportation, operation and decommissioning. The LCA is 
according to the requirement of the ISO 14040 international standard. Figure 1 shows the LCA structure 
by 4 phases: (1) goal and scope definition, (2) life cycle inventory, (3) life cycle impact assessment, and 
(4) interpretation. 
 
 
 
Figure 1 The framework of the LCA. 
  
2.2 Organic Rankine cycle 
 
The ORC cycle uses working fluid to generate power as the principle concept, which is similarly with the 
Rankine cycle. But, the ORC uses an organic type with low boiling point as working fluid (Chaiyat, 2018). 
The ORC system mainly composed of seven parts refrigerant pump, boiler, expander, generator, and 
condenser as visualized in Figure 2. 
 
Figure 2 Diagrams of the ORC system. 
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The working fluid is pumped from a low pressure to be high pressure. Working fluid absorbs heat at the 
boiler to be superheat vapor. After that, vapor is used to generate power at the expander, which is directly 
coupled with the generator. High pressure vapor is expanded to be low-pressure vapor at the expander. 
Next, the condenser is used to cool vapor into liquid working fluid by using the cooling tower. 
The mathematical equations of the ORC cycle at steady state can express as follows: 
 Boiler 
QB ref (h3  h2)        (1) 
 Expander 
WExp ref (h3  h4)        (2) 
 Condenser 
QC ref (h4  h1)        (3) 
 Refrigerant pump 
WRP ref 1(hH  hL)        (4) 
 Generator 
WEXP,e = WEX G        (5) 
 Efficiency 
ORC,e = (WEXP,e  WRP/QB) x 100       (6) 
 
3. Material and methods 
The ORC system at a power capacity of approximately 25 kWe with using R-123 (2,2-Dichloro-1,1,1-
trifluoroethane) as working fluid as shown in Figure 3 is used to evaluate the LCA results. 
 
Figure 3 The ORC system. 
3.1 Goal and scope definition 
 The goal of this study is to find out the environmental results from the low-environmental ORC. The 
scope of this study is a cradle-to-grave assessment based on a functional unit of 1 kWh. The input 
and output of raw material and energy in the construction, operation, and decommissioning phases 
are investigated as shown in Figure 4. 
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Figure 4 System boundary of the LCA. 
3.2 Life cycle inventory (LCI) 
In this process, all raw material and energy come from the input and output processes of the construction 
phase, the operation phase, and the decommissioning phase are totally collected. 
3.3 Life cycle impact assessment (LCIA) 
The LCIA from the SimaPro program under the ReCiPe method (SimaPro, 2019) is used to analyze ten 
impact categories climate change, ozone depletion, human toxicity, particulate matter formation, 
terrestrial acidification, freshwater eutrophication, terrestrial ecotoxicity, freshwater ecotoxicity, metal 
depletion, and fossil depletion at the midpoint and endpoint levels. 
3.4 Interpretation 
The LCIA results are interpreted the main environmental effect from the ORC prototype. Moreover, the 
comparison analysis with other work is also focused to justify this study environmental results. 
4. Results and discussion 
4.1 Inventory analysis 
From the data collection shows the inventories from the construction, operation, and decommissioning 
phases in Table 1. 
Three main materials a concrete of 10 m3, a steel of 4,610 kg, and a reinforcing steel of 1,061 kg are 
mostly used in the construction phase. In the operation phase, electricity can be produced at a net power 
generation of 1,258,000 kWh under a life span of 20 y, an operating time of 350 d/y and 10 h/d. After life 
time of the ORC system, three materials of steel, reinforcing steel, and copper at approximately 86.24%, 
27.83%, and 12.4%, respectively, can be reused in the decommissioning phase. 
 
Construction phase
Hot water system
Power house
The ORC system
Recycle
Landfill
Raw material
Hot water 
Cooling system
Input Output
Operation phase
Power generation by the ORC
Electricity
Decommissioning phase
Other components
Gross power 
25 kW 
Water
Electricity of working fluid pump 
1.5 kW 
Electricity of oil pump 
2.2 kW
Electricity of hot water pump  
2.2 kW
Electricity of water pump 
1.12 kW
Cooling system
Hot water system
Net power 
17.98 kW 
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Table 1 Life cycle inventory of the ORC system. 
Components Raw material Quantity Unit 
 Copper 4 kg 
Construction phase Brass 3 kg 
Power house Steel 500  kg Plastic 130 kg 
Concrete 10 m3 Operation phase 
Metal sheet steel 100 kg Energy Electricity input 491,400 kWh 
Paint  30 kg  Net power 1,258,000 kWh 
Screw steel 10 kg  Gross power 1,750,000 Kwh 
Electrical  
control 
system 
Steel 30 kg Raw 
material 
Hot water 1 m3 
Plastic 5 kg  Water 0.3 m3 
Copper 12 kg  Refrigerant  
(leak 1 kg/y) 
20 kg 
Flat glass 4 kg Decommissioning phase 
The ORC  
system 
Copper 269 Kg Recycle Steel 3,976 kg 
Nickel 83 kg Reinforcing 
steel 
231 kg 
Steel 1,744 kg Copper 120 kg 
Stainless steel 14 kg Refrigerant  
R-123 
60 kg 
Copper tube 85 kg Landfill Steel 634 kg 
Reinforcing 
steel  
830 kg Reinforcing 
steel 
830 kg 
Chromium steel 390 kg Copper 250 kg 
Aluminum 45 kg Flat glass 4 kg 
Steel, nickel and 
chromium 
24 kg Paint 30 kg 
R-123 60 kg Plastic 130 kg 
Galvanized steel 16 kg Glass fiber 290 kg 
HDPE 20 kg Concrete 10 m3 
Lubricant oil 20 L Screw 10 kg 
Hot water 
 system 
Steel 2,300 kg Stainless 28 kg 
Reinforcing 
steel 
231 kg Nickel 83 kg 
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Galvanized steel 100 kg Chromium steel 390 kg 
Glass fiber  5 kg Aluminum 45 kg 
Cooling  
system 
Glass fiber  285 kg Brass 3 kg 
Steel 20 kg Steel, nickel and 
chromium 
24 kg 
Stainless steel 14 kg HDPE 20 kg 
 
4.2 The LCIA results 
From the LCI data, the main cause of ten impact categories is considerably driven by three materials of 
steel, copper, and nickel, respectively. Moreover, all environmental impacts of the construction phase, 
operation phase, decommissioning phase, total emission, and emission per functional unit are represented 
in Table 2. 
 
Table 2 The environmental impact categories of the midpoint level. 
Impact  
category 
Unit Construction Operation 
Decommissioning  Total emission 
Recycle Landfill Life time 1 kWh 
CC kg CO2 eq/kWh 2.84E+04 1.54E+03 -1.42E+04 1.20E+03 1.44E+04 1.14E-02 
OD kg CFC-11 eq/kWh 7.22E-01 2.40E-01 -7.21E-01 1.85E-05 2.41E-01 1.91E-07 
HT kg 1,4 DB eq/kWh 3.97E+04 3.80E-04 -2.38E+04 4.75E+03 2.06E+04 1.64E-02 
PMF kg PM10 eq/kWh 1.22E+02 1.96E-06 -4.16E+01 1.02E+01 9.08E+01 2.28E-02 
TA kg SO2 eq/kWh 3.38E+02 3.19E-06 -6.81E+01 1.92E-01 2.89E+02 1.25E+00 
FE kg P eq/kWh 2.19E+01 3.74E-07 -1.20E+01 5.96E-01 1.05E+01 8.78E-02 
TET kg 1,4 DB eq/kWh 5.14E+00 5.36E-08 -1.88E+00 1.44E+00 4.70E+00 7.83E-02 
FET kg 1,4 DB eq/kWh 1.08E+03 1.11E-05 -3.95E+02 9.16E+01 7.80E+02 1.23E+00 
MD kg Fe eq/kWh 2.62E+04 7.76E-05 -9.02E+03 8.46E+02 1.80E+04 2.17E+01 
FD kg oil eq/kWh 5.16E+03 1.89E-04 -1.74E+03 1.72E+02 3.59E+03 1.44E+01 
  
 The environmental impact category in terms of the climate change (CC) is found at a value of 1.14E-
02 kg CO2 eq/kWh, which occurs from the exhaust emissions of CO2 from the casting production and 
transport processes as shown in Figure 5. 
574 | Proceeding Book 7th Asian Academic Society International Conference 2019 
 
Figure 5 Climate change. 
 
 R-123 is the main material to destroy the ozone layer. The ozone depletion (OD) is revealed at a value 
of 1.91E-07 kg CFC-11 eq/kWh as shown in Figure 6. 
 
Figure 6 Ozone depletion. 
 
 A human toxicity (HT) of 1.64E-02 kg 1,4 DB eq/kWh has damage from the manganese (chemical) 
water pollution as shown in Figure 7. 
 
Figure 7 Human toxicity. 
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 A particulate matter formation (PMF) of 2.28E-02 kg PM 10 eq/kWh is driven by the air pollution of 
the steel production process as shown in Figure 8. 
 
Figure 8 Particulate matter formation. 
 
 The exhaust emissions also causes of the terrestrial acidification (TA) by sulfur dioxide has a value 
of 1.25 kg SO2 eq/kWh as shown in Figure 9. 
 
Figure 9 Terrestrial acidification. 
 
 In the parts of a freshwater eutrophication (FE) of 8.78E-02 kg P eq/kWh, a freshwater ecotoxicity of 
1.23 kg 1,4 DB eq/kWh, and a terrestrial ecotoxicity of 7.83E-02 kg 1,4 DB eq/kWh are affected by mercury 
from the water pollution into the soil to deterioration and aquatic animals lack of oxygen as shown in 
Figures 10-12. 
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Figure 10 Freshwater eutrophication. 
 
Figure 11 Terrestrial ecotoxicity. 
 
Figure 12 Freshwater ecotoxicity. 
 
 A metal depletion (MD) of 2.17E+01 kg Fe eq/kWh and a fossil depletion (FD) of 1.44E+01 kg 
oil eq/kWh are occurred from the decrease of mining excavation as shown in Figures 13-14. 
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Figure 13 Metal depletion. 
 
Figure 14 Fossil depletion. 
From Figures 5-14, it found that the LCA impacts are revealed in the construction, decommissioning 
and operation phases at approximately 71.21%, 24.23%, and 4.56%, respectively. 
 
4.3 Interpretation 
 From the above results, these data are compared with another work to verify the LCA data of this 
study. It can be seen that ten impact categories are similarly with another study under a same functional 
unit of 1 kWh as shown in Table 3. 
 
Table 3 Comparison of environmental impact of this research and others research. 
Impact 
category 
Unit 
This 
research 
Liu-Xu 
et al. 
(2013) 
Heberle 
et al. 
(2016) 
Uusilato 
et al. 
(2016) 
Thai 
carbon 
footprint 
(2016) 
Panisa 
et al. 
(2018) 
Bacenetti 
et al. 
(2019) 
CC kg CO2 eq/kWh 1.14E-02 
5.06E-
01 
1.50E-
02 
5.00E-
01 
6.09E-01 
1.32E-
02 
1.84E-03 
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Impact 
category 
Unit 
This 
research 
Liu-Xu 
et al. 
(2013) 
Heberle 
et al. 
(2016) 
Uusilato 
et al. 
(2016) 
Thai 
carbon 
footprint 
(2016) 
Panisa 
et al. 
(2018) 
Bacenetti 
et al. 
(2019) 
OD 
kg CFC-11 
eq/kWh 
1.91E-07 - - - - 
1.50E-
09 
9.73E-06 
HT 
kg 1,4 DB 
eq/kWh 
1.64E-02 
1.06E-
03 
- - - 
1.09E-
02 
2.61E-02 
PMF kg PM10 eq/kWh 2.28E-02 - - - - 
1.83E-
05 
6.30E-04 
TA kg SO2 eq/kWh 1.25E+00  
9.07E-
04 
1.15E-
03 
- - 
2.94E-
05 
4.90E-03 
FE kg P eq/kWh 8.78E-02 
1.09E-
03 
1.45E-
04 
- - 
6.29E-
06 
3.45E-05 
TET 
kg 1,4 DB 
eq/kWh 
7.83E-02 - - - - 
1.76E-
05 
1.50E-04 
FET 
kg 1,4 DB 
eq/kWh 
1.23E+00 - - - - 
1.84E-
04 
1.50E-04 
MD kg Fe eq/kWh 2.17E+01 - - - - 
7.82E-
03 
1.14E-02 
FD kg oil eq/kWh 1.44E+01 - - - - 
2.20E-
03 
3.75E-02 
 
Moreover, the LCA results under the endpoint level of ReCiPe are normalized by the reference data and 
weighting factor are presented in Table 4. The environmental problem in Chiangmai province, Thailand is 
considerably focused to point the weighting factor. The problems in terms of haze dust, GWP, and pollution 
to human are mainly the hot issue in the northern province of Thailand. A single score of 0.491 Pt is proved 
for the ORC system at a power generation of 25 kWe. 
 
Table 4 The normalization value of the ORC system. 
Impact 
category 
Normalization 
reference a 
Normalization 
value 
Weighting 
factor 
Weighting point 
(Pt) 
CC 1.12E+04 1.02E-06 4 4.08E-06 
OD 2.20E-02 
8.69E-06 
2 1.74E-05 
HT 6.29E+02 
2.61E-05 
4 1.04E-04 
PMF 1.49E+01 
1.53E-03 
4 6.13E-03 
TA 3.44E+01 
3.64E-02 
2 7.29E-02 
FE 4.15E-01 
2.12E-01 
1 2.12E-01 
TET 8.26E+00 
9.48E-03 
1 9.48E-03 
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Impact 
category 
Normalization 
reference a 
Normalization 
value 
Weighting 
factor 
Weighting point 
(Pt) 
FET 1.10E+01 
1.12E-01 
1 1.12E-01 
MD 7.14E+02 
3.04E-02 
2 6.08E-02 
FD 1.56E+03 
9.02E-03 
2 1.84E-02 
Total (Pt) 0.491 
 
Remark: a Normalization value referred from the ReCiPe (2016). 
5. Conclusion 
 From the study results, it could be concluded as follows:  
 The environment impacts of the ORC power generation system based on a output power of 1 kWh 
are climate change of 1.14E-02 kg CO2 eq, ozone depletion of 1.91E-07 kg CFC-11 eq, human toxicity 
of 1.64E-02 kg 1,4 DB eq, particulate matter formation of 2.28E-02 kg PM 10 eq, terrestrial 
acidification of 1.25 kg SO2 eq, freshwater eutrophication of 8.78E-02 kg P eq, terrestrial ecotoxicity 
of 7.83E-02 kg 1,4 DB eq, freshwater ecotoxicity of 1.23 kg 1,4 DB eq, metal depletion of 2.17E+01 
kg Fe eq and fossil depletion of 1.44E+01 kg oil eq. 
 The single score from the integrated LCA impacts is 0.491 Pt. 
 The main environmental effects are driven by steel of 4,610 kg, reinforcing steel of 1,061 kg and 
copper of 281 kg. 
 The LCA impacts are found in the construction, decommissioning and operation phases at 
approximately 71.21%, 24.23%, and 4.56%, respectively. 
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Nomenclature 
Greek symbol 
  Efficiency, (%) 
Abbreviation Explanation and unit 
CC Climate change, (kg CO2 eq) 
FD  Fossil depletion, (kg oil eq) 
FE Freshwater eutrophication, (kg P eq) 
FET Freshwater ecotoxicity, (kg 1,4 DB eq) 
HT  Human toxicity, (kg 1,4 DB eq) 
MD  Metal depletion, (kg Fe eq) 
OD Ozone depletion, (kg CFC-11 eq) 
PMF Particulate matter formation, (kg PM10 eq) 
TA Terrestrial acidification, (kg SO2 eq) 
TET Terrestrial ecotoxicity, (kg 1,4 DB eq) 
WP Weighting point, (Pt) 
Subscript Meaning 
B  Boiler 
C  Condenser 
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CLW  Cooling water 
CO2  Carbon dioxide 
CP  Cooling pump 
e  Electricity 
Exp  Expander 
G  Generator 
HW  Hot water 
LCA  Life cycle assessment 
LCI  Life cycle inventory 
LCIA Life cycle impact assessment 
OP  Oil pump 
ORC  Organic Rankine cycle 
RP  Refrigerant pump 
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